To determine the effect of the off-pump technique in preventing stroke development during the early perioperative period after coronary artery bypass graft surgery (CABG).
INTRODUCTION
Perioperative stroke is a devastating complication after coronary bypass grafting (CABG) surgery, causing morbidity and increased early and late mortalities. Preventative strategies should thus be given serious consideration [1] . The incidence of perioperative stroke varies in the different groups of patients studied, and ranges from 0.5 to 4.5% [1] [2] [3] [4] . Different predictive models have been described, but none includes the potentially protective effect of off-pump schemes [1, 2] . As technical development and new stabilization devices have allowed surgeons to routinely perform multivessel off-pump CABG (OPCAB), particularly in high-risk patients [5, 6] , there is a lack of consensus on when to perform either OPCAB or standard on-pump CABG (ONCAB) based on preoperative characteristics and whether perioperative stroke can be effectively reduced, despite the theoretical advantage of OPCAB over ONCAB.
The high-risk definition of CABG perioperative stoke differs among the existing studies. Most of them use non-specific preoperative scores [7, 8] (e.g. EuroSCORE, Parsonnet, etc.), and a limited number study the effect of OPCAB with the specific predictive scores for perioperative stroke development after CABG surgery (NNECDSG, McSPI) [1, 2] . The Northern New England Cardiovascular Disease Study Group (NNECDSG) stroke risk scale was based on 33 062 consecutive patients undergoing isolated CABG surgery between 1992 and 2001, and showed good predictive accuracy with an area under the receiver operating characteristic curve (c-statistic) of 0.70 (95% CI, 0.67-0.72) [2] .
The objective of this multicentre study was to retrospectively examine the effect of off-pump surgery on the perioperative stroke rate in a series of patients undergoing isolated CABG surgery, defining the different risk subgroups according to preoperative characteristics using the validated NNECDSG stroke risk index [1] for stratification.
METHODS

Study setting, patient sample and data collection
We designed a retrospective, multicentre and observational study that sought to characterize off-pump as a preventative stroke-risk factor during isolated CABG surgery. Patients were recruited from 21 Spanish National Health System hospitals (see Appendix 1). Consecutive adult (≥18 years of age) patients undergoing CABG surgery as a single procedure were retrospectively collected. Patients were obtained from hospital administrative databases in reverse chronological order, starting on 31 December 2011. In order to meet the inclusion criteria, only CABG as a single surgical procedure was considered. Patients undergoing >1 relevant procedure during the study period were only considered for analysis in the first surgical procedure. All the patients who underwent CABG with concomitant surgical procedures were thus excluded. Selective preoperative data were collected using standardized case report forms. The data were then entered in a computer database. All the clinical variables collected had previously been shown to have a significant impact on the perioperative stroke risk in accordance with the NNECDSG prediction model [2] .
Variables
Perioperative stroke was defined as any new temporary or permanent, focal or global neurological defect occurring within 30 days after surgery or later if still in hospital, in accordance with the published guidelines [9] . Temporary stroke included transient ischaemic attack, defined as a fully reversible neurological defect lasting <24 h. Prolonged reversible ischaemic neurological deficits were defined as events lasting >24 h and <3 weeks. All the stroke outcomes included in this study were diagnosed by a neurologist and in most cases brain CT-scan or MRI were used for lesion assessment. The study excluded patients with diffuse postoperative brain encephalopathy presented as delirium, confusion, prolonged alteration of mental status and agitation in the immediate postoperative period, as this could be related to circulatory bypass time and might also reflect longer exposure to anaesthesia [10] .
The perioperative stroke-risk variables included the 13 variables proposed by the NNECDSG prediction model, clustered into nine major factors: age, female gender, diabetes mellitus, arterial hypertension, peripheral arteriopathy (including all extracardiac vascular disease manifestations as intermittent claudication, amputation, absent pedal pulse and/or lower extremity ulcers; previous surgery and/or percutaneous intervention on the abdominal, thoracic aorta, lower extremity and supraaortic vessels), previous stroke events (ictus with/without residual neurological defect or transient ischaemic attack), chronic renal failure (known glomerular filtration impairment <60 ml/min/1.73 m 2 , patients requiring dialysis and/or preoperative creatininemia ≥2 mg/dl), preoperative cardiac failure (left ventricular ejection fraction <40% by echocardiography or ventriculography and/or preoperative New York Heart Association functional class III-IV), non-elective priority of surgery (urgency: operation required within 24 h to minimize the chance of further clinical deterioration; or emergency: in which case there should be no delay in providing operative intervention). Presence of preoperative atrial fibrillation (defined by ECG and/or Holter recording showing paroxysmal or persistent arrhythmia during the qualifying admission/consultation or in the preceding 12 months) was also considered. The NNECDSG score was calculated for each patient and was used to validate our multicentre study. In its assessment, the vascular disease variable was computed by the combination of the above definition plus the presence of a previous stroke event as defined in [2] . The intraoperative variable considered was the performance of CABG surgery by the ONCAB or OPCAB technique.
Statistical analysis
Continuous variables were presented as mean ± standard deviation (SD) and categorical variables were shown as a percentage (%). All group comparisons were unpaired. Continuous variables were compared using the Student's t-test and categorical variables were compared by the χ 2 analysis or Fisher's exact test, as appropriate. Age was considered both as a categorical clustered and continuous variable. A two-tailed value of P < 0.05 was considered statistically significant.
We first performed a univariate analysis, including preoperative variables and ONCAB/OPCAB performance. Attending the perioperative neurological outcome, variables with a P < 0.05 significance level in univariate analysis were included in a stepwise multivariate logistic regression model to determine the independent predictors of perioperative stroke. The predictive accuracy of the multivariate model and NNECDSG was assessed by means of the area under the receiver operating curve (c-statistic) and calibration was obtained by the Hosmer-Lemeshow (H-L) goodness-of-fit test.
The NNECDSG index was used to stratify the patients' stroke risk and to compare the impact of off-pump on the categorized risk strata.
The Statistical Package for the Social Sciences (IBM SPSS Statistic version 19.0; SPSS, Inc., Chicago, ILUSA) was used for the statistical analysis. The study's protocol was approved by the Human Subjects Review Committee of each participating institution.
RESULTS
A total of 28 296 patients were included in this study. Single-institution accrual was variable (range 157-3060 patients). In total, 1949 (6.89%) patients had missing data for preoperative variables and were excluded from the analysis. Complete information was available for 26 347 (93.11%) patients.
The overall incidence of perioperative stroke was 1.38%, with values ranging from 0.3 to 2.5% among the participating centres. The characteristics of the patients in global series and with perioperative stroke are displayed in Table 1 . OPCAB was not associated with lower perioperative stroke incidence. The NNECDSG schema showed very good discriminatory ability in predicting perioperative stroke in our cohort (c-statistic = 0.69 (0.67-0.72),
Predictive perioperative stroke variables adjusted by multivariable logistic regression modeling
Of note, 1.37% of the off-pump patients suffered a perioperative stroke vs 1.42% of the on-pump group (P = 0.72). In the logistic regression analysis to assess the relationship between preoperative variables and perioperative stroke, chronic renal failure was shown to be the most strongly associated predictive variable (OR = 6.16; 95% CI 4.92-7.71; P < 0.0001). Other predictive variables, in order of importance, were: preoperative cardiac failure, non-elective surgery, peripheral arteriopathy and prior stroke (H-L test: χ 2 = 4.62, P = 0.59; Table 2 ).
Preventive effect off-pump surgery adjusted by preoperative NNECDSG strata of stroke risk
The preoperative stroke-risk groups contained in the NNECDSG schema showed a progressive incremental rate of perioperative stroke that was in proportion to the patient's preoperative risk (Table 3) . Interestingly, off-pump was not associated with lower stroke rate in each strata of the NNECDSG preoperative stroke risk index, even in the group of high preoperative-risk patients (NNECDSG score index ≥7.5). 
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Comparative effect of ONCAB vs OPCAB adjusted for the presence of preoperative stroke risk factors
Of the above five significant preoperative variables, 57.6% of the cases in the study had none, 30% had one isolated factor, 9.7% two variables simultaneously and 2.6% had ≥3 variables. Perioperative stroke incidence was progressively higher with higher numbers of concomitant risk factors. Regarding OPCAB vs ONCAB surgery, when the number of risk factors present was two or more, OPCAB showed a significantly lower incidence of perioperative stroke (4.29 vs 6.76%, P < 0.05) ( Table 4 ). The impact of preoperative factors on perioperative stroke incidence varied according to their associations. Table 5 shows overall perioperative stroke incidence, as well as after ONCAB and OPCAB surgeries in all paired combinations of independent risk factors. The incidence of perioperative stoke was almost >5% in all combinations whenever two risk factors were combined. The highest incidence of perioperative stoke was present in preoperative chronic renal failure combined with any of the other risk factors (>9%), followed by non-elective surgery combined with a prior stroke, cardiac failure and peripheral arteriopathy (between ≥6 and<9%). Peripheral arteriopathy plus prior stroke, preoperative cardiac failure or non-elective surgery showed a stroke incidence between >3 and <6%. The comparison of ONCAB vs OPCAB surgery showed that patients undergoing ONCAB with preoperative cardiac failure plus prior stroke and chronic renal failure plus non-elective surgery or peripheral arteriopathy had a >5% higher risk of perioperative stroke than those who underwent OPCAB; P < 0.004. OPCAB also reduced the incidence of perioperative stroke by >2%, P < 0.0001, in patients with preoperative cardiac failure plus non-elective surgery or peripheral arteriopathy and chronic renal failure plus prior stroke. In the rest of the pairs of risk factors analysed, OPCAB and ONCAB showed a <2% difference in perioperative stroke incidence, highlighting the combination of preoperative cardiac failure plus chronic renal failure, for which there was no benefit balance between both techniques, P < 0.0001.
DISCUSSION
This retrospective multicentre study tries to elucidate the impact of the OPCAB technique on perioperative stroke events in isolated CABG surgery. Our results suggest that: (i) OPCAB was not associated with a lower rate of postoperative stroke in the overall series (1.37 vs 1.42%, P > 0.05); (ii) perioperative stroke was associated with preoperative comorbid condition factors, particularly chronic renal failure (OR = 6.16, 95% CI 4.92-7.71; P < 0.0001), cardiac failure (OR = 2.98, 95% CI 2.39-3.70; P < 0.0001) and non-elective surgery (OR = 2.37, 95% CI 1.87-2.99; P < 0.0001); (iii) OPCAB has a similar perioperative stroke rate among all the preoperative risk groups, according to the NNECDSG predictive model stratification, even in high-risk patients; (iv) chronic renal failure and preoperative cardiac failure are preoperative conditions that indicate the use of the OPCAB technique, even when they appear as isolated factors, as the incidence of perioperative stroke under these conditions is significantly lower than ONCAB and (5) even though the perioperative stroke incidence in cases with combined renal and cardiac failure is >12%, the incidence is similar when both CABG techniques are compared. Perioperative stroke incidence in CABG surgery varies in the different populations found in the literature, ranging from 0.5 to 4.5% [1] [2] [3] [4] . In the Society of Thoracic Surgeons National Adult Cardiac Surgery Database, including 774 881 isolated CABG procedures, with 819 participating centres, the perioperative stroke incidence was 1.4% [11] . In our series, the incidence was replicated (1.38%) and showed an association with a number of major preoperative stroke risk factors (atherosclerosis related comorbidities). Perioperative stroke in CABG surgery is markedly Perioperative stoke incidence regarding the number of preoperative independent risk factors present simultaneously in global, ONCAB and OPCAB groups. ONCAB: on-pump coronary bypass surgery; OPCAB: off-pump coronary bypass surgery.
influenced by non-elective surgery, cardiovascular disease (chronic renal disease and peripheral arterial disease), as well as other cardiovascular risk factors like diabetes mellitus, as other studies have reported [1, 2] . Our multivariate analysis found five variables associated with perioperative stroke: chronic renal failure, prior stroke, perioperative cardiac failure, non-elective surgery and peripheral arteriopathy. OPCAB techniques have failed to show a clear benefit over ONCAB as regards reducing neurological complications [5] . In our study, the incidence of perioperative stroke in the OPCAB group has the same incidence as in ONCAB patients, 1.37 vs 1.42% (P > 0.05) in the overall series, and did not appear to be an independent protective factor against perioperative stroke in the analysis. In accordance with these results, the question remains whether patients with OPCAB surgery have a lower risk of perioperative stroke.
Considering the low incidence of this complication and the different potential causes of stroke, we categorized patients into strata according to their preoperative predictive stroke risks to accurately specify the effect of the off-pump technique in CABG surgery. Using the NNECDSG schema to assess preoperative stroke risk, we found none of the stroke-risk groups to have significantly lower stroke incidence when OPCAB was employed, even in those with a very high preoperative stroke risk. Biancari et al. [12] compared 445 ONCAB vs 557 OPCAB surgical cases and found a minimal neuroprotective efficacy of OPCAB surgery in all preoperative stroke-risk groups, also adjusted by the NNECDSG stroke risk-scoring scheme. Again, these results give us reason to believe that OPCAB might not provide clear benefits in CABG surgery. However, the preoperative stroke-risk groups defined in this schema showed a progressive incremental perioperative stroke rate that was in proportion to the patients' preoperative risk. The preoperative stroke risk-scores should therefore probably only be considered as quality control tools and should not be used to decide which surgical technique to apply, in particular when specific preoperative cardiovascular risk factors are present.
Most surgeons now use OPCAB to avoid cardiopulmonary bypass in high-risk patients. However, the question remains, which patients have a high preoperative stroke risk? And, is this incidence increased if additional cardiovascular risks are added to the equation?
It is noted that 57.6% of the cases involved in this study presented none of the five independent preoperative stroke-risk factors and both ONCAB and OPCAB showed similar low incidences (0.44 vs 0.56%, respectively; P > 0.05). These patients could, therefore, undergo ONCAB without apparently increasing the stroke risk. However, the benefits of the OPCAB technique were clear when certain risk factors were identified, mainly chronic renal failure and preoperative cardiac failure. OPCAB surgery can, therefore, be recommended, as ONCAB surgery could compromise the neurological outcome, even when the risks factors appear to be isolated. In patients with either isolated prior stroke, vascular disease or non-elective surgery, OPCAB showed a limited improvement in perioperative stroke incidence over ONCAB (<1%, P < 0.0001). When two of these five independent risk factors were combined simultaneously (9.7% of the overall series), the overall incidence of perioperative stroke remained at >3%, showing that OPCAB reduced the risk of perioperative stroke in most cases, except in those with chronic renal failure associated with preoperative cardiac failure, P < 0.0001.
It should be noted that this study has several limitations. First, it is limited by its dependence on a retrospective observational ONCAB: on-pump coronary bypass surgery; OPCAB: off-pump coronary bypass surgery; Dif.: difference between ONCAB and OPCAB perioperative stroke rate.
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F. Hornero et al. / European Journal of Cardio-Thoracic Surgerystudy, and the conclusions derived are thus necessarily limited in application. However, we addressed this limitation by enrolling patients from multiple institutions, thereby minimizing the distortion due to the effects of the surgical, anaesthetic, perfusionrelated and medical-specific practices in the different centres. Secondly, many preoperative variables associated with perioperative stroke could have been considered, but we focussed only on those that have been shown to have a significant impact on the NNECDSG predictive model, as we consider that this is a representative model created from a large cohort of patients with good discriminatory accuracy. Thirdly, we did not assess OPCAB performance under 'touch' or 'non-touch' aorta schemes. As 'touch' schemes have been reported to limit the benefit of OPCAB over ONCAB in terms of perioperative stroke incidence, the statistical differences found in risk subgroups may support the thesis of the potential reduction of neurological events after OPCAB surgery. However, the off-pump technique has other intraoperative risk manoeuvres not considered enough, such as clamping under controlled hypotension, transient low cardiac output during target vessel exposure, etc. which could confer a collateral stroke risk with this technique. Fourthly, the neurological findings were assessed at the different centres, and not by a single neurologist performing all the preoperative and postoperative examinations, so there could thus be significant variations in clinical practice and diagnosis between the 21 centres. Finally, as diffuse brain encephalopathy was excluded, this may potentially have underestimated the real prevalence of small perioperative strokes, even though other studies have reported diffuse brain encephalopathy, mainly related to intraoperative factors such as cardiopulmonary bypass and general anaesthesia times [10] .
CONCLUSIONS
This retrospective study confirmed that OPCAB surgery has a lower perioperative stroke rate than ONCAB in cases associated with cardiovascular stroke risk factors, in particular, with chronic renal failure and preoperative cardiac failure. The perioperative stroke rate remains high in cases with ≥2 simultaneous preoperative factors, even when OPCAB is used, particularly when chronic renal failure is present. Patients with no preoperative stroke-risk factors can be treated on-pump as they show a stroke risk similar to that of OPCAB patients.
APPENDIX. CONFERENCE DISCUSSION
Dr F. Barili (Cuneo, Italy): I have two questions. I will start with a technical question. Why didn't you include the OPCAB factor in the multivariate analysis? The multivariate analysis is the only way that you have to assess if OPCAB is a protective factor or if CABG is a risk factor for stroke. It seems like you performed a really excellent and complex work; it is like you had a long race but you stopped before the finish line.
Dr Martín: Our methodology was to include in multivariate analysis only those variables which were statistically significant in univariate analysis. However, I must say we did it, and it didn't work. We checked it, and OPCAB was not shown to be an independent protective risk factor.
